Attempts were made to establish methods for indirect prediction of hemagglutination inhibition (HI) antibody titers to Newcastle disease virus (NDV) in sera of laying hens and day-old chicks by determining if these are correlated to HI titers in egg yolks. For this purpose, geometric means of HI antibody titers in sera from 60 hens, yolks from 60 matched eggs, and sera from 180 day-old chicks of an identical vaccination program were measured and plotted. There was a significant correlation between HI antibody titers in yolks (X) and hens (Y), with a linear regression of Y ϭ 23.24 ϩ 0.47X and a correlation coefficient of r ϭ 0.65. The linear regression between HI antibody titers in yolks (X) and chicks (Y) was Y ϭ 6.33 ϩ 0.36X (r ϭ 0.58). Immunity to NDV in hens and their offspring can be maintained effectively, and the proper time for the vaccination or booster can be determined by reference to HI titers predicted from the linear regression in the present study. The approach of testing egg yolk for HI titers provides a feasible alternative to determining HI titers from blood samples and eliminates stress in birds during blood sampling.
Newcastle disease (ND) is one of the most serious problems in poultry farming, and the causative agent is the Newcastle disease virus (NDV), which belongs to the family Paramyxoviridae. 3 Many attenuated or inactivated vaccines have been developed for prevention of the disease in chicken flocks. Booster injections are needed to maintain the immune status of the chickens and to protect them adequately against NDV infections. Frequent vaccinations involve excessive labor costs, as well as side effects or stress to the flocks, and lead to economic losses through decreased production. Overuse of the vaccines must be regulated by determining the proper time for booster injections.
Passive immunity to NDV is important in young chicks during the first few weeks after hatching. Passive immunity can be effectively established and preserved at an appropriate level by periodic monitoring of maternal antibody titers, because the dam's antibodies are transferred to day-old chicks through egg yolks. 8 Furthermore, the duration of passive immunity in chicks is affected by the dam's antibody titers. 3, 6 Because passively acquired antibodies interfere with the chick's response to active immunization, 4,5 a good vaccination program should include a monitoring system for passively acquired antibodies in chicks. Blood collection from chickens is required to determine the antibody titers in sera. However, bleeding stress usually results in a decrease in both productivity and resistance to disease. Methods for indirect prediction of the immune status in dams are required to overcome From the College of Veterinary Medicine, Institute of Animal Medicine, Gyeongsang National University, Chinju 660-701, Republic of Korea (Yeo) , the Department of Pathobiology, Ontario Veterinary College, University of Guelph, Guelph N1G 2W1, Canada (Nagy), and the Department of Microbiology, College of Biological Science, University of Guelph, Guelph N1G 2W1, Canada (Krell). bleeding stress and subsequent losses. Newcastle disease virus antigens include the nucleocapsid proteins L, P, and NP and the surface glycoproteins HN, F, and M. 7, 9, 12 The HN, which is able to agglutinate chicken red blood corpuscles (RBCs), initiates infection by its ability to attach the virion on the receptors of host cells. HN is therefore not only related to viral pathogenicity but is also an important epitope stimulating production of neutralizing antibody in the host. 1, 12 The present study was designed to establish methods for indirect prediction of hemagglutination inhibition (HI) antibody titers in dam hens and day-old chicks with regard to the maternal antibodies transferred to egg yolks in a given vaccination program in Korea.
Sixty laying hens of Isabrown strain were used, and they were maintained in the same raising environment and vaccination program in the Gyeongsang National University farm, Chinju, Korea. The hens were 7 months old at the beginning of the experiment and were laying eggs by the 100th day. All the hens had been immunized per os with live B1 vaccine a 1 and 2 weeks after hatching. The hens were given booster injections of inactivated, oil-adjuvanted vaccine of LaSota a at 3 months of age. Experimental chickens were at 110 days postvaccination when introduced into the experiment. To determine the level of maternal antibody to NDV in egg yolks and day-old chicks of matched dams, sera and egg yolks were sampled as follows. Sera were sampled directly from 60 dam hens. Matched eggs, laid on the same day, were collected and used for determination of antibody levels from the yolks. Three eggs laid by the matched dams on 3 consecutive days afterward also were collected and hatched separately. The sera of 180 day-old chicks were sampled within 12 hours after they hatched. All the serum samples were treated by heating at 56 C for 30 minutes to inactivate nonspecific hemagglutination (HA) inhibitors and stored at Ϫ70 C before titration of HI antibody. Antibodies were extracted from egg yolks by the method described previously. 14 One milliliter of yolk was mixed vigorously with 2.5 ml of sterile physiological saline, and the mixture was incubated overnight at 4 C. Supernatant containing antibodies was harvested from the mixture by centrifugation at 3,000 ϫ g for 15 minutes. The antibodycontaining liquids were inactivated at 56 C for 30 minutes and stored at Ϫ70 C before titration of HI antibody. B1 strain of NDV was cultured in the allantoic cavity of embryonated 10-day-old specific pathogen-free eggs at 37 C for 3-5 days using the methods described previously. 7 Allantoic fluid containing the virus was harvested and clarified by centrifugation b at 4,000 ϫ g for 30 minutes. The NDV was then stored at Ϫ70 C and used for HA and HI tests.
Titration of viral HA units was done with serially 2-fold-diluted B1 in sterile phosphate-buffered saline (PBS) (pH 7.2) and 0.5% chicken RBCs on 96-well plates, using the method described previously. 2 Hemagglutination inhibition antibodies were determined in dam's sera and their matched egg yolks and day-old chicks' sera by the microbeta HI test. 2 The sera or extracts from yolks were serially diluted 2-fold in sterile PBS (pH 7.2) in the 96-well plates, mixed with 4 HA units of B1 virus, and incubated at 37 C for 30 minutes. Subsequently, 0.5% chicken RBCs were added, and the plates were incubated for 30 minutes for HI test. Hemagglutination inhibition antibodies in all samples were titrated in triplicate. Titers of HI antibody were calculated from the geometric mean 13 from each experimental group, and distribution of titers in the groups was determined. The antibody titers also were plotted to analyze the correlation between groups, and regression analysis was done using a computer program. c Titers of HI antibodies in 60 hens from an identical vaccination program and their 60 matched egg yolks and 180 day-old chicks distributed 2 2 -2 8 , 2 4 -2 9 , and 2 2 -2 9 in reciprocal values from 2-fold dilutions. The geometric means of the HI antibody titers were 68, 55, and 31 for the yolks, hens, and day-old chicks, respectively. The maternal antibody transfer to the yolks expressed the highest antibody titer ( Table 1) . Other studies 14 also reported that titers of HI antibodies were high in yolks, followed by maternal and day-old chicks' sera. Additional studies 10 , on the other hand, found that antibody titers in maternal sera were higher than those in raw yolks. However, the antibody titers in the yolks used in this study might be somewhat lower because raw yolk was used without antibody extraction. The titers of HI antibodies in the yolks revealed a positive correlation with the titers in the hens (Table  2 ). There was also a positive correlation between the titers of HI antibodies in the yolks and the day-old chicks ( Table 3 ). In regression analysis there was a significant correlation between the HI antibody titers in yolks (X) and matched hens (Y). The linear regression was Y ϭ 23.24 ϩ 0.47X, with a correlation coefficient of r ϭ 0.65 ( Fig. 1) . Previous studies 14 have reported a linear regression of Y ϭ 35.91 ϩ 0.35X, with a correlation coefficient of r ϭ 0.63, between HI titers of yolks and hens' sera in 5 flocks with different vaccination programs and time duration after the last vaccination. Regarding the correlation coefficient in the present and previous studies, 14 a significant correlation was found between HI titers of yolks and hens' sera. The linear regression between the HI antibody titers in yolks (X) and day-old chicks (Y) was Y ϭ 6.33 ϩ 0.36X, with a correlation coefficient of r ϭ 0.58 (Fig. 2) . The correlation coefficient of 0.58 in this case, however, was slightly lower than that between yolks and hens' sera in the present and previous studies. 14 Rapid diagnosis followed by subsequent control measures is essential for eradication of ND when it occurs; otherwise, the infection spreads easily as an epidemic. It is difficult, however, to make an accurate clinico-pathological diagnosis of the disease because of the various signs due to NDVs of varying virulence. 3, 4, 11 A proper vaccination regimen is therefore necessary to maintain antibodies at a level high enough to resist infection and is therefore very important to prevent ND in chickens. With regard to prevention of the disease in young chicks in endemic areas, where they are easily exposed to velogenic infections shortly after hatching, transfer of maternal antibodies in high titers to the offspring is fundamental. Booster injections are also required to maintain the hen's hyperimmune status, and stress from repeated vaccinations causing low productivity should be overcome. Bleeding stress also should be reduced when antibodies in the hen's sera are titrated for monitoring immune status. Although maternal antibodies provide passive immunity in young chicks for a few weeks after birth, they also interfere with the chick's active response to vaccination while the antibodies are sustained in high titers. Therefore, the proper time for vaccination of young chicks may be decided effectively when the level of maternal antibodies in the sera of day-old chicks is measured.
Although individual variations always exist in biological responses, a gradual decline of HI titers is normal in hens, yolks, and day-old chicks after the first appearance of the antibodies. 14 The present study suggests that titers of the hen's antibodies and the passive antibodies in chicks could be calculated indirectly by determining the titers of yolks and plotting them to a linear regression. By this noninvasive method the levels of antibody titers in day-old chicks and dam can be monitored without causing bleeding stress in the chickens. This correlation will be more reliable if the half-life of the HI antibodies from the different sources is determined.
